Introduction
Consider the following boundary value problem for a semilinear hyperbolic equations of second order. For 0 ^Ti <T 2 <°° and non-negative integer m H m ((Ti, T 2 ) x fi) and # w (i3) denote usual Sobolev spaces of order m on (Ti, T 2 )
x Q and ,0 respectively and we put for a function h (t, x) defined in (t, x) ^ (Ti, T 2 ) x .0
In the course of calculations below various constants will be simply denoted by C.
It was shown that the mixed problem for linear hyperbolic equations of second order with (0.2) is L 2~w ell posed by Ikawa [6] . Shibata [24] studied the mixed problem for nonlinear hyperbolic equations of second order with a dissipative term with (0.2) and obtained time global classical solutions for small initial data. However nothing is known about time global classical solutions with exponential decay property of mixed problems for hyperbolic equations with nonlinear terms of the type of (0.4). That is to say, it seems to be very difficult to obtain it without dissipative term and appropriate additional condition on nonlinear terms for any given initial data (cf. Ebihara [3] , Yamaguchi [25] ). In fact, blow-up solutions were obtained by many authors [see [5] , [7] - [10] , [20] ).
On the other hand, in case P M is a nonlinear operator, time global solutions have been studied by quite a number of articles (see [2] - [5] , [7] - [9] , [11], [13] , [14] - [19] , [22] , [23] , [25] , [26] and further references in these papers). In case P«[w] -Dw + T^ for an integer M = 3 and 7-!, Sather [22] obtained a time global classical solution of a mixed problem for P u [u] ~0 with (0.2). Sattinger [23] introduced the method of 'potential weir to show the existence of a time global weak solution of a mixed problem for wave equations with non-monotonic nonlinear terms (see Lions [11] ). In the case of m = n~3 and J = -1, Ebihara-Nakao~Nambu [3] proved the global existence in time of classical solutions of the mixed problem for P M [u] =0 with (0.2) (cf. Ebihara [2] ). Ebihara [3] considered (ILV D ) with initial data without smallness condition when P u -d 2 t ~ A +fjtd t +f(t, x,u, u t ) for ^^0 and T = 0. He proved that there exists a solution such that in the case of ^>0 it becomes a classical solution with exponential decay property after finite time. Also in the case of fj. 0 he obtained 'modified (m) -solution', which is not necessarily a genuine solution of this problem.
On the other hand, recently Wayne [26] 
Si) and a small constant e and obtained periodic and quasi-periodic solutions of (B.V.). The main purpose of this paper is to seek a classical solution of (B.V.) with exponential decay property after finite time in case/(t, x) ^0. Also we will discuss the existence of a classical solution of (B.V.) with T = 0. We shall show our main result. 
On the other hand, as stated in i), T Q is decided essentially only by CL fc> r a fixed constant A. Therefore we can solve a problem P u [u] =f(t -T 0 , x) with (0.2) in [To, °°J X Q by the same argument as in Theorem 1 and we write a solution of this problem by u(t, x). It is easily seen that V(t, x) =11 (t + T 0 , x) is a solution of (B.V.) in [0, oo) xfl. iii) When a is sufficiently large, we obtain the same result as Theorem 1 without the smallness condition on CQ. It will be discussed in subsection 2.1 of §2.
Now, we discuss the proof of our main result and the contents of the remainder of this paper. It seems to be very difficult to obtain a time global and classical solution of (B.V.) by solving the problem directly. To overcome this difficulty we reduce our problem (B.V.) to the following mixed problem by the new time variable s=e~f.
where o is a positive constant, S -e~T and Q M is, the so called, a singular hyperbolic operator obtained by replacing d t by sd s in P M , which will be specified in §1 and we write f(e~*> x) by/(5, *) again. In the below, when there is no danger of confusion, for any function h (t, x) we write h (e~*, x) by h (s, x) again. That is to say, instead of solving (B 0 V 0 ) directly, we will seek the time local smooth solution of (S.M.P.) with zero Cauchy data, which gives a classical solution of (B.V.) with exponential decay property.
In case Q M is a linear operator (S<,M 0 P<>) has been studied by Sakamoto [21] in a more general framework. She obtained the existence of smooth solutions of (S.M.P.) for sufficiently large (7> 0. In this paper we obtain the time local existence theorem of smooth solution of a mixed problem for linear singular hyperbolic equation corresponding to (S.M.P.) for any a > 0 and apply it to our problem. This paper is organized as follows. In the first section, we introduce all notations in what follows and prepare some lemmas to prove our theorems. In Section 2, we derive the energy inequality of iteration scheme of (S.M.P.) at each step. In Section 3, we prove the time local existence of smooth solution of (S.M.P.) by the usual Picard's method. Going back to the original time variable, it will be easily shown that our solution of (S.M.P.) solves (B.V.) classically. Finally we discuss the case where non-homogenous Dirichlet boundary condition is given instead of (0.2) . Also it will be shown that assumptions on coefficients of P tt in Theorem 1 can be relaxed.
By the new time variable s=e ', P u is reduced to the following operator. where Df = d™*d^-°d^ for a multi-index a>.
If coefficients of P M satisfy (A-I) and (A-II) , coefficients of Q« satisfy (A-I) and (A-II)'. Then we consider the following mixed problem corresponding to (B.V.).
( and r (c~*, x) by Q (f, ^) J? (t, x) for f^ [-log.S', °°) respectively. According to Lemma 1.0, we have extensions Q (t, x) and R (t, x) of 0 (t, x) and R (t, x) respectively. First we will prove (1.5 
Hi (Q) is the closure of C" (Q) in HI (Q) . §2. Energy Inequalities
We suppose that iv (s, x) is a known function satisfying for a constant
We take jW small so that it holds w^Hi in the rest of this paper. Let consider the following mixed problem for a linear singular hyperbolic equation for a positive constant a.
(S.M.P.), 
+C l
By the same way as derived (2.14) it is shown that the third term of the right hand side of (2.16) , multiplied by $~2 a~l and integrated over (0, 5), is exceeded by
On the other hand we have
Hence from (2 . 16) it follows that we have
Since the third term of the right hand side of (2.18) for r=2 and 3 are exceeded by the right hand side of (2.15), summing up (2.18) for r = 2, •", L + l we have First we will show the existence of solution of (S.M.P.)» in this section. Sakamoto [21] proved the existence of a solution of the mixed problem for linear singular hyperbolic equations of higher order with flat Cauchy data. From her result it follows that there exists a smooth solution of (S.M.P.)«, for a sufficiently large cr> 0. We will study the time local existence of smooth solution of (S.M.P.)^ for any <7>0. We have the following result. 
It is well known that there exists a smooth solution 1^(5, x) of (S.M.P.) w ,jt with supp MfrCi (0, S] x ,0 (see Ikawa [6] Note that (3.6) is necessary for the energy inequality of the type of (3.0) to hold at each step of the iteration scheme of (SdMLPo).
Proof of Theorem 1. Let us consider the following iteration scheme of To obtain Theorem 1 we have to take p, small in the above so that it holds Uj^Hi for a solution u 3 of (S.M.P.) ; , ; = 1,2/" and that {u 3 } strongly converge. We can take fjL further small so that C 3 r+G, A(v + G) ) [G+v] 'U=0.
Proof. Put v (t, x) =u (t, x)-G (t, x).
By the same manner as in the proof of Theorem 1, we can arrive at the desired result. Therefore we omit it. Q We show that we obtain the similar result as in Theorem 1, even if \a a & (t, x; ?) | -ooo (/-->oo) for any x^Q and £^Bo. We make the following assumption. Then we obtain the following result. ence for sufficiently small 5 and CQ it is easily seen that we obtain Lemma 2.1 and Lemma 2.2, considering into 0<(J-£. By the same way as in the proof of Theorem 1 we arrive at desired result. Hence we omit it. Q The author would like to express sincere gratitude Professor T. Kakita for valuable advice and helpful suggestion. Also he acknowledges valuable information from Professors Y. Ebihara and M. Yamaguchi and his thanks are due to Professor Y. Shibata for helpful comments.
